We retrospectively assessed the incidence and time course of enlargement in posttraumatic intracerebral haematoma (PTICH). Computed tomography (CT) scans from 165 patients who underwent a scan within 72 h and a repeat scan within 120 h of the onset of trauma were examined. A semi-automated method using region deformation-based segmentation was used to calculate the haematoma volume. The presence of haematoma enlargement was also determined based on a consensus by five observers. Seventy cases (42%) showed enlargement of the haematoma. The frequency of haematoma enlargement decreased as the interval between the onset of trauma and the initial scan increased. The discriminant value of the ratio of the haematoma volume in the second scan to that in the initial scan was ascertained, and the cut-off value for haematoma enlargement was determined to be 1.45. The radiographic criterion for enlargement in PTICH on CT scan was, therefore, defined as a ≥ 1.45 times increase in haematoma volume.
Introduction
Post-traumatic intracerebral haematoma (PTICH) is a serious condition that has a high morbidity and mortality. 1 -4 Haematoma enlargement is associated with a worse clinical outcome, and an immediate neurosurgical evacuation is always required in patients with PTICH. To optimize the management of such patients, it is very important for clinicians to understand the time course of haematoma evolution after trauma, but no attempts to establish and assess the criteria for haematoma enlargement have been reported.
We reviewed computed tomography (CT) images of 165 patients with PTICH to assess the incidence and time course of haematoma enlargement in head injury. We aimed to establish a standard radiographic criterion for this condition.
Patients and methods

PATIENTS
Computed tomography scans from patients with PTICH were examined retrospectively.
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All patients had undergone a CT scan within 72 h of the onset of trauma and a repeat CT scan within 120 h. Patients with spontaneous intracerebral haemorrhage, patients who were too ill to undergo the second scan or who died before it was performed, and patients who received neurosurgical treatment before the second CT scan were excluded.
The study protocol was approved by the Hospital Institutional Review Board.
HAEMATOMA VOLUME MEASUREMENT
A semi-automated method using region deformation-based segmentation was used to extract the haematoma area and then calculate the intraparenchymatous haematoma volume in the initial (V 1 ) and the second (V 2 ) CT scans. 5 The volume of haematoma in the ventricles was not evaluated because of the difficulties in distinguishing between growth and diffusion of the haematoma and in measuring the true haematoma volume in the presence of cerebrospinal fluid.
The presence of haematoma enlargement on the CT scans was also determined and was based on a consensus by five observers.
STATISTICAL ANALYSIS
The mean ± SD volumes and the ratio of the haematoma volume in the second scan to that in the initial scan (V 2 /V 1 ) were calculated in relation to the time interval between the onset of trauma and the initial scan.
The discriminant value of V 2 /V 1 was ascertained using receiver operating characteristic (ROC) curves, and the cut-off point with the highest sensitivity and specificity for identifying haematoma expansion was determined. Statistical analysis was performed using SPSS Version 11.5 (SPSS Inc., Chicago, IL, USA). Values were expressed as the mean ± SD.
Results
Pairs of scans from a total of 165 patients were examined. Based on the observers' consensus, 70 patients (42.4%) showed haematoma enlargement. Most patients had received the trauma in a road traffic accident or as the result of a fall.
Results of the semi-automated haematoma volume measurements, divided according to the time interval between the onset of trauma and the initial scan, and the number of patients with haematoma enlargement, are given in Table 1 . Using ROC curve analysis, the cut-off point for determining haematoma enlargement was V 2 /V 1 = 1.45 (sensitivity 98.6%; specificity 97.9%). The radiographic criterion for haematoma enlargement in PTICH on CT scan was, therefore, defined as a ≥ 1.45 times increase in haematoma volume.
Discussion
Aggravation of symptoms in patients with PTICH depends on various factors, including the site of the lesion, progression of the haematoma, brain oedema, the mechanism of injury, age and the presence of hydrocephalus. 6 Haematoma expansion is associated with an increased risk of clinical deterioration and progression of the mass effect, which may lead to herniation and requires immediate neurosurgical intervention. It is, therefore, very important for clinicians to clarify the time course of haematoma evolution after trauma.
Some studies concerning the incidence and time course of enlargement of spontaneous intracerebral haemorrhage (SICH) have been reported. 4, 7 Kazui et al. 7 reported that haematoma enlargement in SICH could be defined radiographically as an increase in size of ≥ 1.4 times. The injury mechanism and outcome in PTICH are different to those expansion. Secondly, although the frequency of expansion is highest in the hyperacute phase, nearly one fifth (18.6%) of patients with haematoma enlargement underwent the first CT scan between 6 h and 48 h, demonstrating that haematoma progression occurred even 6 h after the onset of trauma. Thirdly, the most intriguing finding is that no patients in the group who underwent the first CT scan between 48 h and 72 h of trauma onset had haematoma enlargement. This observation held true even when third and fourth CT scans were taken into account. There have been several case reports of neurological deterioration 2 days after the onset of PTICH, with demonstrated haematoma enlargement; these cases are probably exceptional and outside the normal spectrum of active bleeding in PTICH, however.
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TABLE 1:
Diagnosis of haematoma enlargement, haematoma volume at initial scan (V 1 ) and the ratio of haematoma volume in the second scan to that in the initial scan (V 2 /V 1 ) in patients with post-traumatic intracerebral haemorrhage
